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The main way most college chemistry courses assess what a student has learned is
through a summative exam. After introductory science courses, such as general chemistry, many
students cite poor teaching and disappointing grades in these courses as a reason for dropping out
of STEM programs. There has been a lack of qualitative research on students’ experiences of the
complete process of taking an exam from start to finish, or the exam process, which includes
preparing for an exam, taking an exam, receiving feedback, and responding to feedback after the
exam has been graded.
My goal in this exploratory study was to understand the phenomenon of students’ exam
process using phenomenographic methods to answer the research questions: How do students
think about and approach (1) Exam preparation? (2) Taking an exam? (3) Results and feedback
after an exam? Data was collected through interviews with two groups. One group was
interviewed using a semi-structured interview protocol both before and after an exam and the
other was interviewed only after the exam using the combined protocol. Qualitative interviews
were analyzed using emergent coding to describe students’ experiences of the exam process in
their general chemistry course. Interesting themes from this research include students’
perceptions of their confidence, how self-efficacy is a part of students’ exam process, and how
students seek out and use feedback from exams during the exam process.
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CHAPTER I
INTRODUCTION

Motivation
The main way most college chemistry courses assess what a student has learned is
through a summative exam. After introductory science courses, such as general chemistry, many
students cite poor teaching and disappointing grades in these courses as a reason for dropping out
of STEM programs (Seymour & Hewitt, 1997). The overall goal of this study was to develop an
in-depth understanding of college students’ exam processes in a general chemistry course,
including how the students prepare for an exam, take an exam, and respond to feedback from an
exam. The objective of this exploratory study was to characterize how students experience the
phenomenon of the entire exam process to add to the current body of literature on what shapes
students’ experiences in college courses.

Overview of the Chapters
The following five chapters presented in this thesis cover the background for the study,
the methods used, results from student interviews, and an analysis of the results. This
introduction, Chapter 1, will provide an overview of the purpose of this study. Chapter 2 presents
a review of the current literature on students’ motivations and beliefs when they enter a college
course as well as literature on the exam process as I have defined it. Chapter 3 discusses the
methodologies and methods used in this study, including guiding theoretical frameworks,
methodological frameworks, data collection methods, and data analysis procedures. In Chapter 4

2
the results are presented that were obtained through this study. Lastly, Chapter 5 concludes the
thesis by discussing results, implications of the study, and plans for future work.

Contributions of the Study
By understanding this exam process in a general chemistry course, we may be able to
better understand what problems students are experiencing related to exam-taking in general
chemistry courses that are causing them to drop out of programs. This could lead to methods of
improving students’ experiences in chemistry courses, which could in turn lead to lower rates of
attrition from chemistry courses. In addition to these broader implications, this study could more
specifically help individual professors currently teaching introductory chemistry courses better
understand the types of students in their class as it relates to the exam process. This could help
improve the students’ experience with exams in other science classes they take as well as their
experience in other general education university courses.

Overview
There has been a lack of research on students’ experiences of the complete process of
taking an exam from start to finish. This includes preparing for an exam, taking an exam,
receiving feedback, and responding to feedback after the exam has been graded. For this study, I
will refer to this entire experience as the exam process. I propose to study students’ exam process
through phenomenographic research methods. Previous studies that focused primarily on
performance on exams focus on performance and not experience (i.e. Galyon et al., 2012;
Mathabathe & Potgieter, 2014; Pazicini and Bauer, 2014). Using phenomenography will reveal
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categories of how different student experience preparing for an exam, taking an exam, and
responding to feedback from an exam.

4
CHAPTER II
REVIEW OF THE LITERATURE

Introduction of Literature Review
A student’s view of and reflection on his or her own experience is directly related to their
metacognition and self-efficacy beliefs. This chapter provides a broad view on metacognition
and self-efficacy literature and their impacts on the overall student experience. Metacognition
will serve as a guiding theoretical framework for this study, which has been applied in education
research as a predictor of student performance. This literature review will also act as a general
overview for those unfamiliar with the topics of metacognition and self-efficacy. Then, I will
discuss more specifically the existing literature on college students’ exam processes and their
relation to performance predictors like metacognition, self-regulation, self-efficacy, and GPA.
The articles in this review were limited by focusing primarily on studies that occurred in postsecondary settings. Articles using formative assessment and interventions were eliminated
because the focus of this study was to categorize the current state of the exam process in a
traditional chemistry course that uses primarily summative assessment.

Metacognition as Theoretical Framework
Flavell (1976) defined metacognition as “knowledge concerning one’s own cognitive
processes and products” (p. 232). This means that during learning students must regulate their
performance by deciding when they know information or when they do not know information.
Additionally, they then must decide how much additional studying is required for the desired
performance outcome. Metacognition also encompasses the ability to accurately predict
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“correctness or outcome of one’s performance” (Gagné, 1987, p. 75). Baird (1990) defines
metacognition using three similar components as Flavell’s (1976) definition, which includes a
student’s knowledge, a student’s awareness, and a student’s control of their learning. Case and
Gunstone (2006) used these definitions of metacognition and used it as a theoretical framework
in a metacognitive focused study. Their four aspects of metacognition include: (1) knowledge
and awareness of learning (conception of learning), (2a) organizing one’s learning, (2b)
monitoring of learning, and (3) purpose for learning beyond the subject itself (2006). Literature
shows that metacognition is a major component of the student learning process, and therefore, of
the exam process. In addition, Hattie’s (2009) meta-analysis showed that metacognition has an
effect size of 0.69, or a large significant effect on student performance. Therefore, I will use the
four aspects of metacognition from Case and Gunstone (2006) as a theoretical framework for this
exploratory study on the exam process.

Definition of Self-Efficacy Beliefs
Self-efficacy beliefs are an individual’s expectation of his or her ability to succeed at a
given task (Bandura, 1997). Therefore, often without realizing it, students will evaluate their
ability and determine how likely they feel they will be successful. Bandura first introduced the
idea of self-efficacy in 1977, and he has published on it many times since (Bandura, 1977, 1993,
1997; Bandura & Schunk, 1981). Numerous studies from the literature have demonstrated selfefficacy’s impact on student performance and experience, which will be discussed in the section
entitled Self Efficacy and the Exam Process.
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College Students’ Experience and Adjustment
When studying the experience of students in an introductory chemistry course it is
important to remember that many of these students are in their first semester of university. This
transition from high school to university places new stresses on a student like experiencing more
independence and more intense demands on their time. Meyer et al. (2009) studied first-year
students’ perceptions of college academics and how perceptions changed by interviewing 52
college freshmen at a small liberal arts university. All of the interviewed students indicated that
they thought college was going to be academically demanding, which they had heard from
instructors, media, and other close personal relations. These students also voiced concerns about
their perception of the difficulty of college courses before they attended college. Once students
had begun college and were interviewed later in the semester some of their perceptions changed.
Overall there were three groups of students based on how their perceptions matched their
experience (i.e. whether their perception matched their experience or whether their perception
was that college would be more or less difficult than they experienced). This study shows that
although some students find college more difficult or as difficult as they expected (40%), a
majority of students actually viewed college as less difficult than expected (60%). This
qualitative study gives a general view of students’ perceptions and how it matches the reality of
their lived experiences.
Other studies approach the idea of first-year college student performance and adjustment
using quantitative measures of self-efficacy (i.e. Chemers et al., 2001). This study looked at three
mediating processes of self-efficacy effects: cognitive processes, motivational processes, and
affective processes, by measuring academic self-efficacy, optimism, and challenge-threat
evaluation after the first-quarter of studies. This quantitative study demonstrated a strong
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relationships between self-efficacy and both academic performance and personal adjustment.
This study showed that students who entered college confident in their ability to be successful
academically performed significantly better than less confident students. Self-efficacy was found
to be a significant measure and have predictive power above other objective measures such as
high school GPA or past performance on similar academic tasks. Self-efficacy beliefs also had
an indirect effect on performance. According to Chemers et al. (2001), students with high selfefficacy saw the college experience as an exciting challenge rather than as a threat. Therefore,
students with higher self-efficacy will work harder and persist longer in their studies than
students with lower self-efficacy. Overall, this was a strong study that showed the effect selfefficacy can have on academic performance. One issue with the data collection for this study was
the 23% response from the 1,600 first-year students surveyed. This low response rate is in part
because the survey was administered by mail.
Other studies like Dalgety and Coll (2006) have looked more specifically at this factor of
self-efficacy with regards to first-year science students in chemistry. This study differed from
Chemers et al. (2001) because it was not looking at general academic self-efficacy, but at
students’ self-efficacy about the subject of chemistry. Dalgety and Coll (2006) acknowledged
that chemistry courses have both majors and non-majors enrolled. Students typically have lower
self-efficacy for subjects outside of their major (Bodner et al., 2001). This study employed a
mixed-methods design to collected data. Quantitative data was collected using a previously
validated instrument called the Chemistry Attitudes and Experience Questionnaire (CAEQ). In
addition to the survey, which was administered to two sections of a general chemistry course
three times, including at the beginning of the first semester, the end of the semester and the end
of the second semester, the authors also collected demographic data like gender, ethnicity, and
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reasons for taking general chemistry. The authors also used qualitative interviews with a subset
of 19 students at the beginning of the course students to ask about their self-efficacy beliefs
about studying chemistry. Of these 19 students, 14 students were interviewed at the completion
of the course. These transcripts were returned to participants for member checking, a common
way to improve reliability in qualitative studies. The interview transcripts were coded using an
emergent coding scheme.
Dalgety and Coll (2006) found that students were in general confident about the tasks that
are required in a first-year chemistry course. They saw an increase in confidence from the first
semester to the second semester. The authors attributed this to the fact that those who drop out
are less confident than those who continue to study chemistry for a second semester and not an
overall increase in confidence. In the interviews, students’ self-efficacy beliefs were related to
prior learning experiences; for example, high school experiences contributed to their perception
of their chemistry ability. This study provides insights into students who were highly motivated
to take chemistry as science majors. One area of concern for students was having the necessary
study skills for chemistry rather than being able to complete specific chemistry tasks. Students
were concerned with the amount of memorization they saw as necessary to be successful on an
assessment. Overall, students in this study had chosen to study chemistry, which explains the
high chemistry self-efficacy exhibited on the CAEQ survey. The authors found this high selfefficacy could be attributed mainly to prior achievement. For example, students who received
high grades at the beginning of the semester were more likely to be more engaged with their
chemistry studies. This study presented the quantitative and qualitative results in series and not
in tandem. The results would be stronger if the two sources of data were integrated to make
claims using both sources.
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Self-efficacy and Exam Process
Self-efficacy beliefs are one component that has an affect on students’ experience in a
college course, which means they affect a students’ experience of the exam process. Most studies
that look at self-efficacy and its relation to students’ experiences of the exam process use
quantitative methods to measure self-efficacy against performance outcomes. For example,
Galyon et al. (2012) explores the relationship between self-efficacy and variables like exam
score, course grades and GPA. This study used quantitative measures to cluster 165 participating
college students into levels of self-efficacy (e.g. low, medium and high). These clusters were
used to determine high or low participation and/or exam scores in relation to self-efficacy.
According to the authors, the purpose of this study was to determine how self-efficacy beliefs
affect product variables, like exam scores versus process variables, like class participation. The
authors found that students with low and medium self-efficacy were significantly more likely to
be in the low participant group than in the high participant group. Students with high selfefficacy beliefs were more likely to be in the high participation group. A similar trend was seen
between self-efficacy clusters and exam performance, meaning that only students in the high
self-efficacy group were more likely to be in the high, rather than low, exam performance group.
The correlation between GPA and self-efficacy beliefs was found to be significant. However, the
study showed no significant difference between levels of self-efficacy beliefs and GPA levels or
between levels of self-efficacy beliefs and participation. However, exam scores did differ
significantly across GPA levels. The authors showed that there may be a weak correlation
between self-efficacy and product variables (i.e. exam scores). Only when self-efficacy is high is
it likely to impact academic performance. This implies that interventions to improve self-efficacy
beliefs may be most effective for the low and medium self-efficacy groups.
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In addition to self-efficacy beliefs as a variable in relation to exam performance, other
authors chose to look at competence as a measure of one’s ability to do something successfully.
A student is said to be experiencing the Dunning-Kruger effect when he or she fails to accurately
assess their competence and therefore believes they are more confident than they actually are.
The Dunning-Kruger effect is well documented in clinical psychology, but Pazicini and Bauer
(2014) recognized that the Dunning-Kruger effect had not been as well documented in authentic
classroom settings. The authors hypothesized that this effect is evident in students in an
introductory chemistry course who begin with a poor sense of their abilities, underestimate the
time necessary to study for an exam, and in turn get a poor result on their first exam. Then, these
students do not understand how to respond to the feedback of their exams to reach future success
in the course. This study is a large study documenting the Dunning-Kruger effect in a classroom
setting using three separate measurements with a sample of 1500 students. The authors collected
data during each of the course exams where they asked each student to rate their estimated ability
using a percentile ranking. These perceived ability scores were correlated with a percentile rating
from their exam scores. The study found the Dunning-Kruger effect in all nine sections of the
general chemistry course. Students with low exam scores overestimated their performance and
students who earned high exam scores underestimated their performance, but to a lesser degree
of inaccuracy than students with low exam scores. Female students’ perceptions were less
inflated than those of male students. Students’ perceptions did not change over time. This study
indicates that possible differences could exist between students’ ability to estimate performance.
The ability to estimate one’s performance and adjust accordingly is directly related to
metacognitive skills and would affect a student’s exam process.
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Metacognition and Exam Process
As stated earlier, metacognition consists of two main parts, knowledge of cognition and
regulation of cognition. This means that a learner must have the ability to accurately assess what
he or she has learned and then use that assessment to make decisions on the next course of
action. For example, in a general chemistry course students will use metacognitive skills to
decide how to study, what to study, and what to give the most attention to. Therefore,
metacognition is directly related to the choices a student makes during the exam process.
Mathabathe and Potgieter (2014) studied metacognitive skills and learning gains in
chemistry using a mixed-methods design. Quantitative data were used to measure performance
and learning gains and qualitative data were used to further the researchers’ understanding of
how metacognition impacts judgments of performance. The focus of the course that acted as the
research setting did not seek to improve metacognitive skills and therefore did not act as an
intervention. The researchers collected pretest and posttest data using a 20-item test instrument
that was piloted and validated. The purpose of this instrument was to collect both qualitative and
quantitative data simultaneously and measured procedural knowledge, formal reasoning, and
numeric problem-solving with stoichiometry questions. Both test scores were used to represent
actual performance and the students’ confidence scores were used to measure perceived
performance. Similar to the Dunning-Kruger effect study from Pazicini and Bauer (2014), this
study found that a majority of students were overconfident when evaluating their performance.
Although the students’ score improved on the post-test, their ability to evaluate their
performance accurately did not. This shows that accuracy of judgment remained low for students
even as their level of content knowledge increased. The authors of this study do not make a clear
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tie between performance evaluations back to additional metacognitive skills. Additionally, there
was no measure of metacognitive skills beyond if students were overconfident, realistic, or
under-confident when predicting performance.
Most metacognition studies do not measure metacognitive skills directly, but instead use
study habits or test performance as a proxy. For example, Jensen and Barron (2014) used
quantitative methods to track grades throughout a college introductory biology course. This
study found that on average individual scores decreased 0.09 grade points from midterm grades.
This is obviously a very small gain in scores. These results may indicate that early grades are a
good predictor of final grades; almost half of the students in this study received identical grades
on the first exam as they did in the course at large. This study demonstrates that metacognitive
skills did not develop over the course of the semester, which was probably why grades did not
change drastically.
This results from these studies may make it seem like students are unable to develop
metacognitive skills. However, in addition to research on relationships between variables like
metacognition and exam performance, another body of research focuses on interventions to
improve metacognition. There are many documented intervention studies that have had some
success in improving students’ metacognitive skills. For example, Bercher (2012) used a selfmonitoring intervention and measured the affect this had on exam performance. This study asked
students to reflect on their mastery and how they expected to do on an exam compared to how
they actually did on an exam. This study supported the idea that students can improve their
performance if they are asked to reflect on their mastery of the content and their performance.
However, the study did not focus on how students changed their exam preparation as a result of
the reflection inventories. Overall, this was a weak study because it is a small quantitative
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sample size that did not use a specific instrument. More research would have to be done in this
area with qualitative interviews to ascertain how students changed their studying.

Other Aspects of the Exam Process
There are many pieces in the exam process that contribute to the complexity of studying
this phenomenon. The literature in this section deals with factors that affect students’ studying
experience. When preparing for an exam and taking an exam, a student must decide which
material to study and how to study it (i.e. strategy, amount of time, frequency, etc.), which is
directly related to a student’s metacognition. Metacognitive skills can be used to decide how to
approach preparing for an exam. To do this, a student needs to decide what content is important
to learn and how difficult that material will be to learn. Both of these processes are within the
student’s control. The difficulty of exam questions is not within the student’s control, but instead
is determined by the instructor. This means students may view the difficulty and types of
questions asked on the exam as out of their control instead of preparing for more difficult
questions when studying.
Gulacar and Bowman (2014) studied the students’ and teachers’ perceptions of the
difficulty of exams. It was important to see who was more accurate and how metacognition
affected students’ ability to assess difficulty of problems because it was an integral part of
student performance in a general chemistry course. They used a survey taken by both students
and the instructors as the primary source of data. From this survey, a significant correlation was
seen between students’ difficulty ratings and their success on a problem. For example, as
students rated a problem as more difficult they were less likely to answer the question correctly.
This shows that students had at least a somewhat accurate view of question difficulty and their

14
ability to correctly answer a question. Additionally, students’ familiarity with a problem was
related to their success on a problem. As students felt more comfortable or familiar with a
question, they were more likely to answer a question correctly. Overall, faculty and student
perceptions of difficulty were similar. However, who was more accurate in their perception when
there are differences? Students in the two cohorts had a significant correlation between their
performance and difficulty rating. This correlation was not seen with faculty, which led the
authors to conclude that students are more accurate at measuring the difficulty of problems. This
study demonstrates that students do have an ability to judge whether they have answered a
question correctly or not. This study does not suggest that the answer to this disagreement in
difficulty ratings is to reduce the difficulty of exam questions. Instead, the author suggested that
faculty consider improving students’ confidence with difficult problems by helping students
become familiar with these problems before the exam.
Other aspects of the exam process like study habits of students and how feedback
improves exam performance were explored through intervention studies (i.e. Deslauriers et al.
2012; Milner et al. 2015). Intervention studies are tricky because it is very difficult to change
beliefs and habits that are deeply engrained in a student. In the study by, Deslauriers et al. (2012)
the unit of analysis was low performing students, who have shown to be (e.g. Pazicini and Bauer
(2014) a group of students that would gain the most from interventions. In their intervention,
students met individually with instructors or received a personalized email from their instructor.
Students who met with an instructor to discuss specific study strategies improved their exam
score approximately 32% from one exam to the next. Other intervention strategies were not as
successful. For example, Milner et al. (2015) used an online quiz game to provide feedback to
students in a biochemistry course. In this study, two groups of students received similar practice
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questions in two different formats. One group of students received a PDF copy of practice
questions that were with a separate document that included correct answers for each question.
The other group of students used a game, which was comprised of the same questions as the
PDF, as the mode of taking the practice test. Students using the game to practice for the test were
given immediate correct/incorrect feedback and could check on their progress using reports the
system created. The authors hypothesized that students using the game to practice would have a
higher engagement with the material. However, there was no difference in exam scores between
the two groups. These two studies illustrated that feedback may be most effective when it is
individualized for each student and may not be dependent on how feedback is given to the
student.

Gap in the Literature
The literature on the exam process in most education research focused on how student
variables affected the outcome of exam performance using quantitative research methods. A
review of the literature revealed that exam performance has been studied in relation to variables
like self-efficacy, motivation, and score prediction. Only one study (Scheja, 2006) could be
found that studied the exam process qualitatively. Scheja (2006) used a phenomenographic
method to study students’ perceptions of studying in relation to their engineering course. There
was no specific interview protocol given in the article and only sample questions, like asking
students to describe studying for a college exam to someone who hasn’t had the experience, were
given. Although it appeared Scheja (2006) had the goal of documenting the exam process for
students, the data analysis focused primarily on students who were falling out of phase with their
studies. In Chapter 3, I will describe the methodological design of a study examining the holistic
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view of exam process beyond students’ perceptions of their shortcomings during their
preparation for exams. There is currently a lack of qualitative literature that views the entire
exam process in this way, including preparing for an exam, taking an exam, and responding to
feedback from an exam.
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CHAPTER III
METHODOLOGIES AND METHODS

Overview
This chapter outlines the methodological framework used in this study. It includes a
discussion of this framework, the rationale behind its use, the methods and procedures for data
collection, and the methods and procedures for data analysis. In addition, a section on the role of
the researcher and the limitations inherent with the study design is included.

Research Questions
The overarching question that will guide this study was: How do college students think about
and approach the exam process in a chemistry course?
Sub questions:
(1) How do students think about and approach preparing for an exam?
(2) How do students think about and approach taking an exam?
(3) How do students think about and approach responding to feedback from an exam?

Rationale for Methodologies and Methods
This study was designed to understand the process by which students prepare for, take,
and then reflect on exams in a general chemistry course. For the purposes of this thesis, this will
be called the exam process. Different students experience exam preparation differently and
therefore will have individual lived experiences relating to the process of exam preparation.
Concurrently, there will be some similarities in how students experience aspects of the exam
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process. This study looks to identify both similarities and differences in how students experience
the exam process so that instructors can be better equipped to help all students be successful and
maximize their learning in general chemistry.
Exam preparation has typically been studied by looking at exam results in a quantitative
way, which does not allow individual voices to be heard from different types of students. For this
reason, this study was designed using qualitative methods. Data from qualitative interviews was
collected as the primary source of data for this study. This allowed the researcher to capture the
experiences of each student with regards to about their exam preparation in their own words by
using phenomenography.

Methodological Framework

Methodology
To gain a deeper understanding of undergraduate students’ exam preparation in a general
chemistry course, this study was based in qualitative methodology (Creswell 2013). The data for
this study was gathered through semi-structured interviews. This data was analyzed using a
thematic analysis with a semi-structured coding scheme to understand how each individual
student experiences the phenomenon of exam preparation and reflection differently.

Phenomenography
The purpose of phenomenographic research is to identify “the different ways in which
people experience, interpret, understand, perceive or conceptualize a certain phenomenon or
aspect of reality” (Orgill, 2007, p. 133). This means that the primary aims of a
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phenomenographic study are description, analysis, and understanding of experiences. Whereas in
a phenomenology the goal is to find the thread of similar experience between all participants, in
a phenomenography, the goal is instead to find different categories of experiences. This is the
difference between studying a first-order perspective with a focus on the phenomenon
(phenomenology) and studying a second-order perspective, or how people experience the
phenomenon in various ways (phenomenography). Because of this the main goal of a
phenomenography is to understand the relationship between the participant and their experiences
with a given phenomenon. In this research, my goal was to understand how students experience
the exam process in a variety of ways. There are four underlying assumptions of a
phenomenographic study that were established by Marton and Booth (1997). This provides a
research framework for this phenomenographic study:
a) Individuals conceptualize in a limited number of different ways when they reflect upon a
given phenomenon
b) Conceptions may reflect differences between individuals or differences within the same
individual
c) This variation in students’ conceptions can be described using a limited number of
categories
d) Categories of students’ conceptions form a complex system or outcome space.
Based on the four assumptions addressed above and the idea that there are limited
perspectives of any phenomenon, including the exam process, the participants in this study were
chosen to cover as many different view points as possible. By choosing a variety of students, the
goal was to characterize these categories of experience. These students were chosen using the
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demographic survey data, described below in the participant section, to give the largest variety of
perspectives.

Participants
The participants in this study were all enrolled in a General Chemistry I course at a
Midwestern university during this study. These participants were recruited by a short in-class
explanation of the study, followed by the opportunity to volunteer for the study. First, I asked
faculty teaching General Chemistry I if I could recruit students for my study who were enrolled
in their section. Then I went to these general chemistry courses and introduced the study to
potential participants briefly. Then, I gave each student a small slip of paper and asked him or
her to write one of two items. If the student was interested in participating, I asked them to write
the easiest way to contact them (i.e. email or phone number). If the student was not interested in
participating, I asked the student to write their favorite movie. This way, the confidentiality of
potential participants was not compromised during the recruitment process. I also did not have to
rely on accessing faculty class lists to recruit students by using this strategy.
Purposeful sampling was used from here to determine the best candidates for my study by
asking the student to fill out a brief questionnaire about them, including demographic
information. The demographic survey, which can be seen in the appendices, began with a
consent question to ensure the privacy and protection of participants. Using the data from the
survey, I narrowed the participants to 10 students to interview. Then, I arranged the participants
into two interview groups while trying to balance the demographics in each group for age, race
and major. I also considered each student’s self-reported grade and the section of the course they
were enrolled in (regular or honors). Each participant sat for either one or two individual
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interviews with me to collect data. Ultimately, I interviewed eight students. Three students were
in Group A and five students were in Group B. Group A had two white students and one African
American student. Group B had four white students and one African American student. The
breakdown of the demographics of participants in each group is shown in the Table 3.1.
Table 3.1: Demographics of the two interview groups
Group A
Female, first-year Biochemistry major (A1)
Male, first-year Engineering major (A2)
Female, first-year Chemistry major (A3)

Group B
Male, first-year Physics major (B1)
Female, first-year Chemistry major (B2)
Male, first-year Engineering major (B3)
Male, first-year Engineering major (B4)
Male, third year Biology major (B5)

The two groups only differed in the number of interviews that they were asked to
participate in. The set of groups were arranged to have a pair of similar students with one in each
group. For example, I interviewed one female first-year chemistry major who had self-reported
an expected grade of a C in her chemistry class in Group A and likewise a female first-year
chemistry major with an expected grade of a C in Group B. Group A was interviewed twice,
once before an exam to ask about preparation before the exam and once after an exam to ask
about reflecting on taking the exam and receiving feedback. The second group was interviewed
once after the exam to ask about the entire exam preparation process from start to finish.
Students were given a $20 gift card in exchange for participating in the interviews. The interview
schedule is shown in Table 3.2.
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Table 3.2: Interview schedule for the two interview groups

Group A

Before Exam
(Mid October)

After Exam
(Late Oct-Early Nov)

Pre-exam interview about
exam preparation

Post-exam interview about
reflecting on exam feedback
Post-exam interview about the
entire process of exam
preparation and feedback

Group B

The reason to separate participants into two groups was to make sure that there was
minimal researcher impact on the group that was interviewed before and after. As a qualitative
researcher, I acknowledge that the researcher plays a role in constructing an interview and
therefore the data with the participant (Creswell, 2013). This means that it is possible that by
asking a student to reflect on their thinking in a pre-exam interview could act as an intervention.
Therefore, through the interview I could impact their reflection on their exam preparation
process before the second interview and get biased results. This was the rationale behind
constructing two interview groups, to see how students’ answers differed for the group who only
had one interview after the exam.

Data Collection Methods
A single researcher conducted all interviews to maintain consistency throughout data
collection. The average length of a single interview for Group A was 20 minutes, and because
two interviews were essentially conducted, the average length of a single interview for Group B
was 30-40 minutes. An interview protocol that was created using the research questions was used
as a guide in every student interview. Using a semi-structured interview protocol allowed me to
remain consistent across each interview while also remaining open to emerging ideas throughout
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the course of the interview process. I was able to ask probing questions or follow-up on
participant statements instead of being restricted to following the protocol. There were three
interview protocols for this research because of the two unique groups. One interview protocol
focused on the pre-exam questions, a second interview protocol focused on the post-exam
questions, and the third interview protocol was a combination of these two protocols designed
for a single interview. The interview protocols for the interviews conducted before and after the
exam can be seen in Tables 3.3-3.5.

Table 3.3: Interview protocol for group A (before exam)
Guiding question:
How do students think about and approach taking an exam?
Possible questions:
In a student’s answers, I will be looking for the
following topics in responses:
What thoughts come to mind when you
think about taking an exam?
• Amount of time preparing for exam
How do you prepare for taking an exam in
• Recurrence of exam preparation (i.e. how
general?
often)
How have you prepared for taking this
• Types of materials reviewed to prepare
exam in your general chemistry course?
• Use of materials to prepare
How often have you studied?
• Solution when a question or problem
How long did you study?
arises during preparation
Who have you prepared for this exam with?
• Environment where preparation occurs
How successful do you think you are going
to be on this exam?
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Table 3.4: Interview protocol for group A (after exam)
Guiding question:
How do students think about and respond to the results of their exam?
Possible questions:
In a student’s answers, I will look for the
Think back to the day of the exam, what did following topics in responses:
you do before the exam?
• Reflecting on instructor feedback and
self-feedback
What thoughts/emotions/feelings did you
have as you were taking this exam?
• Reflecting on connection to preparation
(i.e. What were your thoughts as you read
• Understanding individual feedback from
the first question on the exam?)
instructor
What are your thoughts on the results of
• Applying individual feedback from
your exam?
instructor
What does your score mean to you?
What feedback did you receive? If you
didn’t receive feedback, will you seek it
out?
How do you determine how well you did on
the exam?
Do you compare your performance to the
performance of your peers?
How did you respond to the results of your
exam?
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Table 3.5: Interview protocol for group B (only after exam)
Guiding questions:
How do students think about and approach taking an exam?
How do students think about and respond to the results of their exam?
Possible questions:
In a student’s answers, I will look for the
following topics in responses:
What thoughts come to mind when you
think about taking an exam?
• Amount of time preparing for exam
How do you prepare for taking an exam in
• Recurrence of exam preparation (i.e. how
general?
often)
How have you prepared for taking this
• Types of materials reviewed to prepare
exam in your General Chemistry course?
• Use of materials to prepare
How often did you study?
• Solution when a question or problem
How long did you study?
arises during preparation
Who did you prepared for this exam with?
• Environment where preparation occurs
How successful did you think you were
• Reflecting on instructor feedback and
going to be on this exam?
self-feedback
Think back to the day of the exam, what did
• Reflecting on connection to preparation
you do before the exam?
• Understanding individual feedback from
What thoughts/emotions/feelings did you
instructor
have as you were taking this exam?
• Applying individual feedback from
(i.e. What were your thoughts as you read
instructor
the first question on the exam?)
What are your thoughts on the results of
your exam?
What does your score mean to you?
What feedback did you receive? If you
didn’t receive feedback, will you seek it
out?
How do you determine how well you did on
the exam?
Do you compare your performance to the
performance of your peers?
How will you respond to the results of your
exam?
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Data Analysis
The purpose of phenomenographic research is to organize participants’ experiences into
distinct categories of description. This process of searching for themes was a critical piece for me
to keep in mind throughout the interview process. After collecting interview data, each interview
was transcribed and the original recordings were deleted.
To analyze the data from the semi-structured interviews, I read through the transcripts
several times to remember the context of each interview. Then, I began to make notes about the
different ways the students viewed exam preparation and feedback from the exam. These
differing views became codes that were applied to all of the interview transcripts. For example,
students discussed a variety of materials they used during the interviews. Each of these materials
was labeled with a code (i.e. textbook, lecture notes, note cards, YouTube, websites). I repeated
this coding process for all of the interview transcripts.
Then, I reviewed each emergent code to make sure they sufficiently described the
students’ views presented in the interviews. Then I reviewed the data an additional time to
modify, add to, or delete codes from the different categories. Eventually, I reached a point where
the codes were no longer changing after many reviews of the data. Then, I looked at how any
codes related to or were different from each other to group codes into categories. For example,
the material codes described above were divided into two separate categories, internal materials
and external materials. The categories and corresponding codes will be described further in
Chapter 4.Creswell (2013) describes this method of data analysis as a spiral analysis.
Finally, once the coding scheme was finalized, I developed a codebook that included all
of the emergent codes, like the codes under the categories of internal materials and external
materials. Then, all of the interview transcripts were uploaded into a qualitative analysis software
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that was used to sort the highlighted data using the established codebook. Two external auditors
repeated the coding process using the same codebook. Each auditor coded one of the eight
transcripts and this was used to calculate a percent agreement as described by Campbell et al
(2013). They describe calculating percent agreement by “dividing the total number of
agreements for all codes by the total number of agreements and disagreements for all codes
combined” (Campbell et al. 2013, p. 309). Using this method, percent agreement between the
researcher and the two external auditors was found to be 82%.

Self-Efficacy as Emergent Codes
While using an emergent coding scheme to categorize themes, Bandura’s (1997) four
theoretical sources that contribute to the development of self-efficacy beliefs became evident in
the data. The specific quotations to support these themes will be discussed further in the results
with the other emergent themes. For example, I had coded “previous experience with chemistry”
in my interview data sets. This code would become Mastery Experience, one of the theoretical
sources, in my final codebook. The four theoretical sources are Mastery Experience, Vicarious
Experience, Social Persuasion, and Physiological and Affective States (Bandura 1997).
The first theoretical source, Mastery Experience, deals with the previous experiences that
the student has that make them feel more or less successful as a chemistry student. For example,
if a student had a number of advanced chemistry courses in high school they may have more
confidence that they can be successful in a college chemistry course. Vicarious Experience, the
second theoretical source, is related to students’ views of those around them. For example, a
student may judge their ability by judging a peer they view as having a similar ability. If they see
a peer with similar ability as successful they may believe they can be as successful. Physiological
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and Affective States is the idea that people use information from their body to judge their
capability. For example, someone with test anxiety might feel that they cannot be as successful
on an exam because their body is telling them to be nervous about the exam. Finally, Social
Persuasion is the factor that states that self-efficacy can be affected by the outside influence of
significant people to the student. For example, if a professor meets with a student in office hours
and tells them that it seems like the student is prepared for the exam, the student may feel more
able to perform well on the exam as a result.
Applicable existing codes from the emergent study were reassigned as the four factors
that contribute to self-efficacy beliefs: Mastery Experience, Physiological and Affective States,
Social Persuasion, and Vicarious Experience.

Role of the Researcher
In qualitative research, the researcher must be engaged in the research process from
conceptualizing the study to data collection and analysis. The data collected through this study
will come from participants through the interview process, meaning it will be co-constructed.
Because I am currently a chemistry instructor with a background in the sciences, I am qualified
to carry out this chemistry education research. From my own lived experiences as a chemistry
student who took similar classes that the participants in this study are currently taking, a
chemistry instructor who has worked with undergraduate students, and a researcher who
prepared the literature review for this research, I had preconceived notions of what participants
were going to say about the exam process before the interviews. However, phenomenography is
similar to anthropologic research. This means that as the researcher I did not have to remove all
of my own experiences of the phenomenon from the research process. This is because the
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assumption of phenomenography is that there are multiple different perspectives to uncover
about a given phenomenon. It should be noted that I do have experience of my own with this
phenomenon of the exam process because I have been both a chemistry student and a chemistry
instructor. This means I have established my own methods of studying in chemistry, which
means that I had pre-conceived notions of how others study. As an instructor, I have also seen a
variety of students in my own classrooms. I had to consider myself as a student and the students I
have had in my own classroom when analyzing data to avoid as much bias as possible. I did this
by including others in my research process. I consulted my committee chair throughout the
process and used this as a sounding board for my ideas. In addition, I used outside auditors to
code my interviews, as reported in the data analysis section of this chapter.

Limitations
It is important to recognize that phenomenological traditions make no claim to
uncovering truth. Rather, the primary assumption is that how the phenomenon is experienced is
due to an interaction between people and individual experiences with the external world.
Therefore, phenomenography can have the “tendency to equate participants’ experiences with
their accounts of those experiences” (Orgill, 2007, p.136). This criticism suggests a disconnect
between what a researcher observes of the participants’ experience and how a participant
describes their experiences. Therefore, it is important to make the distinction between students’
experiences and the unique account each provides of their individual experiences.
The students interviewed in this study discussed their own experiences, but this does not
mean that we can know for sure how they experienced the exam process. Instead, I relied on
what each student told me about their individual experiences. I am limited to these students’
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accounts of their experiences when I discuss the phenomenon of the exam process. Therefore,
one limitation is the sample size of eight participants. These participants were recruited from the
entire class, but participation was based on volunteers. Therefore, these participants may not be
representative of the entire population.
Interviews were done late in the semester (November) close to finals time. This means
that the results are not representative of first-year student’s views early in the semester. If the
interviews had been taken earlier in the semester, students may have commented on their
experience differently.
In addition, it is possible that two researchers interpreting the data will come up with
different categories. Although phenomenography does not call for a neutral researcher, because
of the discreet number of ways to experience a phenomenon, some researchers criticize the claim
that a researcher will not affect the data collection and analysis in some way. I kept a reflexive
journal throughout data collection and data analysis to show my thought process on developing
categories, which improves reliability and validity.
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CHAPTER IV
RESULTS AND DISCUSSION

Introduction
This chapter presents the themes that emerged from the analysis of the semi-structured
interview data collected from students in both Group A (before and after exam) and Group B
(after exam only) about their experiences of the exam process. The categories of description
presented do not represent a concrete classification of the individuals, but my own interpretation
of their experiences, as they were uncovered from the interview data.

Overview of Themes
When describing the themes that emerged from the data, I think of each category like a
gear. One theme does not simply occur in isolation but each theme is part of the larger picture of
how a student experiences the exam process. Figure 4.1 shows this image with each theme
depicted.

Figure 4.1. Themes from emergent coding of semi-structured interviews
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Each of these themes, represented by gears in Figure 4.1, will be further explicated in the
following sections. First, a description of the theme will be presented followed by supporting
quotations from the data. Then, in each section a connection will be made back to the guiding
theories of metacognition and self-efficacy beliefs.

Description of Themes
Materials and Strategies
When discussing the exam process in their General Chemistry I course, students
discussed the variety of materials they used when they were preparing for an exam. These
materials were broken into two major categories: internal and external.

Internal Materials
I found from my data analysis that students primarily used materials that were
from within the course. For example, these materials were given by the instructor directly
(i.e. textbook, study guide) or were created by the students from these instructor materials
(i.e. outlines from textbook, lecture notes). Although students depended on these
materials in different ways for preparation, each student primarily used these internal
materials as described here.

Textbook
There were multiple ways students used their textbook during the exam process
with varying levels of depth. Students who used the most surface level approach to using
the textbook only skimmed through the book to get a general idea of what topics were
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covered in lecture. For example, Participant A1 said, “I just read the whole chapter, like
sometimes skim through it and everything.” This skimming approach did not involve
synthesis of the material. Participant B1 described a higher order approach to using the
textbook that required taking notes and connecting back to the lecture. Participant B1
said,
Generally, the easiest way to figure out … especially for math and chemistry
classes it is based off of a textbook, so it means reading through that and taking a
bunch of notes and paying attention in class on what is emphasized and what’s
not.
Of the students who were interviewed, two discussed using the textbook to create
additional study materials. This went beyond simply reading or skimming the textbook to
trying to come to a deeper understanding of the material. For example, Participant A3
commented, “I went through all of the chapters and took notes, especially anything
bolded or anything in concept maps or diagrams in our book, made note of those”. This
quotation showed a deeper approach to using the textbook than simply reading a chapter.
Participant A3 showed a high level of metacognitive skills by creating her own materials
because she showed an understanding of the best strategies to learn the material.
In addition to outlines, another strategy used by students who participated in
interviews was making note cards to prepare for an exam. Students who made note cards
typically commented on how time intensive making the note cards was. Also, students
typically viewed the material on the card as disconnected, must-know pieces of
information to be memorized. For example, Participant B4 said,
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Usually, I make little flash cards with questions and answers of what’s on the
review sheet … our instructor will say you need to know dimensional analysis or
something and then I’ll put dimensional analysis or whatever on the note card and
then on the back I’ll put what it is when I go through and figure that out.
Additionally, Participant B1 commented that sometimes there were so many note
cards that it was nearly impossible to memorize each card, even when the content was a
weakness for this student. Participant B1 said,
Even though I make note cards on the people, it is a lot of people (scientists) to
memorize especially when it is about a subject (like chemistry) that has been
building up for hundreds of years. So, the questions like that I tend to get wrong
unfortunately because it isn’t something that I know how to emphasize.
This quotation shows that this student feels like he knows what to study. This means he
has used some metacognitive skills in his exam preparation to uncover the content he
needs to emphasize to be successful in his chemistry class. The instructor asks questions
about chemists relevant to what they are studying. However, this student believes that he
has not uncovered the best strategy to learn about these scientists in his exam preparation.

Practice Questions
A subset of students interviewed mentioned using the textbook to specifically
look at practice questions at the back of the chapter for extra practice or practice exams
that the professor makes available. These students primarily commented on using practice
questions in the back of the book, which they found helpful, especially when they were
learning mathematical problem solving. Participants discussed using these practice
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questions in their preparation in addition to required assignments. For example,
participant B5 said,
For chemistry, the second test and the third test I prepared a lot more by doing a
lot more of the equations because when I actually have to do math in a course, I
do best by doing many, many, many problems.
Participant B3 added that these problems could help because then he knew he
understood the material. For example, Participant B3 said, “I like to look at those
problems in the book first because the answers are right there, so then I know I
understand it before I do the homework”. By doing the problems in the book first,
Participant B3 felt higher confidence in his ability to do the online homework. This
shows that doing the practice problems and accumulating mastery experiences
contributed to higher self-efficacy beliefs for this student.

Online Homework
Students in these chemistry courses were assigned online homework assignments
that were due on the day of the exams. Students viewed this online homework as a good
starting point when preparing for an exam. For example, Participant B5 said,
Before the exam, I’ll make sure to do all of the online homework, which is the
only homework that is available in the course and I’ll run through all of those
problems and I’ll see what kinds of concepts they are asking on there. I’ll see
what I have a hard time with there.
Similarly, Participant A2 said, “The online problems helped a lot to pinpoint what you
didn’t know and then I would go through each section and anything I didn’t understand”.

36
Study Guide
Students described using online homework assigned by the instructor to determine
what was important to focus on during the exam process. In addition, students paid close
attention to what the instructor viewed as important to determine what they would focus
on while studying. When using the study guide that the instructor provided, students were
more confident that this information would be relevant to the exam than their own
judgments. For example, Participant A2 said,
Our instructor gives us a review packet, which is very, very nice. So when we do
our homework it covers every single thing in the chapter. We use a system online
that covers every little small detail from the chapter. Then he gives us the review
packet and we can be like “Oh, this is the stuff we actually need to focus on”, so
that is the most beneficial thing because if it’s on the review packet it is for sure
going to be on the test. If it’s not on the review packet, chances are its not going
to be on the test, so it's the best tool.
This participant viewed the study guide as more helpful in assisting with exam
preparation than the online homework.
However, other participants who focused on the study guide were not always
better judges of what would be on the exam. Participant A1 discussed her experience
with the study guide and how it related to what would be on the test when she said,
Before when our instructor gave a review sheet of what to study and everything
… it was chapter 7 and chapter 9 and a little bit of chapter 8, but our instructor
said not to focus on chapter 8. So, I didn’t really review chapter 8 that much but
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then on the exam there was a whole page on chapter 8 and I wasn’t ready for it, so
it made it really hard to understand.
This quotation indicated that Participant A1 was relying on what the instructor said and
not her own metacognitive skills when preparing for the exam. Other students were using
information from the instructor and their own self-regulatory skills to assess what
information was important for the exam.

Laboratory
In general, the interviews did not show that students used laboratory materials
during their exam process. The only crossover between laboratory and the lecture, or
exam, seemed to have when the focus was specifically on learning math processes in the
lab. For example, Participant B3 said,
I don’t consider the laboratory a huge factor. It helped with the stoichiometry
because we did a lot of the problems in lab made it a little bit easier when it came
to doing the exam ... I think doing math in the lab has been the most helpful thing
we’ve done.
This quotation indicated that students may not have seen the connection between their
laboratory assignments and their in-class work. It was also probable that students weren’t
concerned with laboratory material because it wasn’t tested in the lecture directly.

External Materials
Students used primarily internal materials, but when they were struggling to come
up with an answer to a difficult question, they would occasionally look to external
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materials to find an answer. Students discussed using videos and websites when they
were struggling to overcome obstacles during their exam preparation.

Video
Students used video in two primary ways, one was to look up an answer to a
specific question and the other was to see the topic taught in a different way. For
example, Participant A2 used Khan Academy, an online educational video-based website,
to look up an answer for a specific question. Participant A2 said, “I used Khan Academy
… I thought I understood it but I wasn’t sure. I’m glad I went back through it and could
break it down from the very beginning to understand it”.
Participant A1 discussed using YouTube to see a topic in a new way that was
different from how the material was presented in class. Participant A1 said,
On YouTube one topic can be explained in many different ways. Like if I don’t
understand it the way the instructor explained it that one time in class then I can
find another way from another person who might have a different way of
teaching. There are many different types of way to explain the same thing, which
is what YouTube is good for.
Although students were using primarily internal materials, they used external materials,
like videos, to support their learning. Students who used external materials were selfaware enough to realize that the instructor was not always conveying information in the a
way that the student could learn. Therefore, these students sought out other resources
available to them to learn the content.

39
Website
Students also used websites and general searches to find information online to
help with their exam preparation. Occasionally students used this ability to search
anything as a crutch that actually inhibited their studying. For example, Participant B1
said,
While you are doing the homework online you don’t need to have any of the
equations memorized because Google is just a tab away… But you need to have
things memorized for the exams.
This quotation showed that students sometimes rely on online resources instead of
memorizing information that they only saw as useful for a single exam. Participant B4
echoed this when he said, “I normally just copy and paste the questions into Google, get
the answers and move on”.
Additionally, students used websites like Wikipedia to look up a second source of
information beyond the textbook because it might have been worded slightly differently.
This is similar to using YouTube to see material presented in a different way. Participant
B5 said,
Normally if the wording is poor in there (the textbook), which normally it is
pretty good, then I use Wikipedia as my next place to search. That first intro
paragraph on the Wikipedia page will usually give me a pretty good idea of what
that concept is referring to.
There were not very many students that discussed looking up information on the Internet.
I do not have the data to further understand how self-efficacy beliefs and/or
metacognition influenced how students use online materials.
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Environment
In addition to the types of materials students used when preparing for an exam,
students also discussed the environment in which they prepared for the exam. Students, in
general, discussed the space they put themselves in to study (i.e. location, background
noise), the number of breaks they took, the focus they put on the material, and
distractions that impeded their preparation.
Students typically discussed studying in their room or another study space, alone,
with no outside distractions. For example, Participant A3 described the space she studied
in when she said,
I either study in our study room in our dorm or usually the tutor lounge in our
dorm, which is open from 8pm to midnight. There aren’t that many people in
there and I can always get help when I need it.
Students also recognized that they needed to focus on the material and take breaks to
avoid cognitive overload. Participant A1 said, “I need to take breaks so I don’t get
overloaded with material. So I read one section and then go eat or listen to music or
watch a movie, then read another section”. In addition, some students used technology to
keep background music playing to avoid additional outside distractions. Participant A2
said,
I’ll have music playing and it gives me something like if there’s a couple
problems like … well if there wasn’t something to keep me drawn in then I would
probably leave to do something else… My blinders are on and I am focused on
chemistry. My mind has to focus on one thing at a time. If I am focused, then I’m
focused and if I’m not, then I’m not.
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Students typically had a set environment they put themselves in when they studied and
used similar strategies in all of the courses, including general chemistry. I did not have
enough data to discuss how the environment a student prepares for an exam in is related
to metacognitive skills or self-efficacy beliefs.

Strategies
From the data analysis, it appears that students used a variety of strategies to
make sense of the content for an exam. Some students focused more on memorizing key
information for an exam and did not appear to move to a level of conceptual
understanding. Students also had two different approaches to adapting their strategies
between exams. Some students discussed changing their strategies between exams to be
more successful on later exams. Other students discussed simply needing more time with
their same study strategies and saw this as the way to be successful on future exams.
Student B1 described his group’s study strategy,
We went through all of the Chapter 10 problems and figured out what we
understood and which things we need to remember and worked on the equations
we needed to have memorized.
Student B1 did not discuss any additional measures that were taken to integrate the
concepts together to come to a deeper understanding of the chemistry content. It is
possible that these types of questions were not on the exam, which was why students did
not concern themselves with understanding the material at a deeper level.
Other students, however, were more concerned with a deeper conceptual
understanding and saw this as necessary to be successful in their General Chemistry I
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course. In the interview before the exam, Participant A3 said, “I think it’s important,
especially for retention, to make sure that you understand the view and the overall
concepts and how they all inter-link because they do”. In addition to discussing
connections between content, Participant A3 discussed conceptual understanding of the
material as critical when preparing for an exam. She also discussed adapting her study
strategies during the semester. Participant A3 said,
Now that I had gotten over that [initial nervous feeling when taking exams] and
knew what to expect from the instructor, like if there is an exception to a rule it is
probably going to be on there, that’s the first thing I look for now so that it won’t
trip me up.
This quotation demonstrates that Participant A3 was looking at what she did know, but
also what she didn’t know to make decisions about how to adapt her strategies. These
strategies she was using related directly to high metacognitive skills.
In contrast, students who discussed memorizing content as their way of learning
tended to be the students who wanted to spend more time using the same study strategies
to be successful on future exams. Participant A1 discussed memorizing information as
how she learned to prepare for exams. Participant A1 said, “I feel like the way that I
studied for my second exam that I can just do more of it and be more ready for the third
exam”. This quotation demonstrates that she was not using metacognitive skills to adapt
her strategies throughout the semester. Even though she had not been performing as well
as she would have liked on exams, she still saw no reason to change her system.
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Assistance
The data revealed the different sources students used to look for assistance beyond the
materials they used. This included the people they sought out, or did not seek out, during the
exam process.

Personal
Some students approached difficulties in the course by themselves. These students
did not look to outside sources for extra help with problems. This might have been
because they preferred to study alone, saw others as distractions, or simply did not see the
value in consulting peers. For example, Participant B4 said, “Usually I study by myself. I
work better by myself because I get distracted around other people.”
Participant B5 also discussed working through difficulties by himself when he
said, “There’s nothing I can’t figure out on my own. I don’t feel like I need someone
there who is double checking me”.

Peer
Students also discussed reaching out to peers for assistance with the content
before the exam. For some students, this meant continuously working with peers from
other classes or from their laboratory section. Participant A3 said,
I study by myself first and then maybe two days before the test I like to talk it
over with other people because generally I have looked at it before they have and
the process of me trying to teach it and explain it to them makes me more
confident that I understand that topic
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This quotation was demonstrative of students who met with peers once they felt confident
with their knowledge of the material. Other students worked together more consistently.
Participant B1 said,
I have one (study group) for chemistry of like three people and we go through all
the problems and try to figure out what we don’t understand when doing certain
problems on the homework and a lot of the times it feels like there is no right
answer until you realize that you read something wrong or something like that.
That’s why it is a lot more helpful to have more people focusing on something
then you just making the same mistake over and over again.
Students who incorporated some element of studying with their peers, like Participant B1,
seemed to have higher self-efficacy beliefs, which meant they were more confident in
their ability to succeed on the exams. This was because students had a point of reference
to judge their own ability against. This phenomenon will be discussed further in the
Vicarious Experience section of the Self-Efficacy theme.

Tutor
Some students whom I interviewed were more comfortable meeting with a tutor
who was designated to the course than with the instructor of the course because they saw
the tutor as having a more open schedule than their instructor. Participant A1 said,
There are SI sessions that they do and I just sometimes if there is a problem in the
homework that I really don’t understand then I’ll print it out and give it to the girl
in the SI session and she will explain it to me by going through the problems with
me and then I understand it.
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Participant A3 agreed that sometimes it was easier to understand the material when
talking to a tutor. Participant A3 said,
I actually started going to the tutors and since they approach it a little differently,
um, it might be the smaller age gap or just differences in teaching, but it was
easier for them to see that I wasn’t making sense of what they were telling me.
Students like Participant A3 saw the tutor as an expert in the content. This added to these
students’ self-efficacy beliefs because they could construct their knowledge with the
tutor. These students knew they were understanding the material correctly and felt more
confident going into the exam.

Instructor
Some students showed hesitancy to approach their instructor to get additional
help. For example, Participant B2 said,
I feel like with the university, some of the professors seem less approachable or it
is more difficult to see them. You have to go out of your way and fit it into your
schedule. It is a lot harder to get one on one time even with office hours.
Participant B1 said,
As well as our instructor has office hours, but I wouldn’t know where to go for
them. That’s the thing with having your teacher’s office hours. A lot of times
people just don’t know where teacher’s offices would be. That is something I
have run into in multiple classes.
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Both of these quotations show that students didn’t necessarily know how to ask
instructors for help even if they wanted more help. Other students went to instructors for
quick questions. Participant B3 said
If it's a quick question I’ll just go to the instructor right after class and we can just
look at the problem and be able to tell me if I did it right or if I did it wrong, but I
haven’t had to do that much, so I haven’t gone to office hours.
Only a minority of students interviewed in this study went to their instructor more
regularly with deeper questions and problems. Participant A3 said, “I would go into
office hours with the instructor and ask for clarification or for the instructor to present it
in a different way that could make more sense to me”. Participant A3 said she went to
office hours often because sometimes she was not able to understand all of the material
the first time and needed further clarification. She said,
Often times, if our instructor says something to me and explains a process to me, I
don’t usually absorb most of it. I have to ask for an example or to work through a
problem with me or if it is an equation then show an example in the book so that I
have something concrete to reference. I am not an auditory learner, so that was
key to me absorbing information when asking for help.
Students who worked with their instructors, like Participant A3, went through a process
of learning how to work with their instructor to get the most out of office hours. For
Participant A3 this meant asking for specific examples when working with her instructor
instead of discussing information in general. This student knew her learning style and
used that to her advantage to gain the most out of working with her instructor.
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Challenges
Many students in this General Chemistry I course were first time college students. The
transition to college can be difficult and students are working to balance each part of their life
with being a student. For some students who were interviewed, this meant balancing multiple
classes. For other students, it meant difficulties balancing their social or work life with their
studies.

Balancing Multiple Classes
The most common challenge students cited during their first semester of college
was balancing the workload of four or five college courses for the first time. Participant
A1 said,
I was having trouble with my English class. I was consumed with essays that I
had due and everything for that English class and a lot of reading to do. There was
a lot going on in that class. I didn’t have that much time to commit to chemistry.
Participant A1 further described this when she said,
I felt like chemistry was not that hard. I was trying to finish the hard stuff first at
the end of the semester. I just told myself that I would just … that when I was
done with the hard stuff that I would move to the chemistry.
These two quotations show that students were constantly evaluating their courses to
decide what was the highest priority and that was where they put their focus. This
changed week-by-week or moment-by-moment. Students usually could not put all of
their attention on a single course like they wanted to. Participant B1 demonstrated this
similar demand of multiple classes. Participant B1 said,
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It also depends on when I have exams for my other classes because if I have an
exam three days after my chemistry exam then I am going to be studying for that
and not thinking about chemistry for a little bit and then it gets closer and closer
to the exam where it is more important to understand the concept.
Balancing multiple classes was the most common challenge in their chemistry course for
all first-year students, including Participant A1 and Participant B1. These students simply
did not have the experience taking that many college courses at a time. This balance was
a skill that students learned with time. For example, Participant B5, who was an
upperclassman, did not feel these same constraints from taking multiple classes at once.

Balancing Work and Study
In addition to citing balancing multiple classes, a subset of students in General
Chemistry I courses were also working full or part-time jobs along with taking a full load
of courses. These students had unique challenges when learning how to balance school
and work. Participant A2 said, “I am also working 20 hours a week in addition to 14
credit hours as an engineering student. It’s been a lot… The biggest transition is just the
time”.
In addition to preparing for an exam, balancing work hours with being a student
also impacted Participant B5’s ability to get additional feedback after the exam.
Participant B5 said,
When the feedback is offered I have to go to work. The instructor offers sessions
right after class and I always have to leave to go to work. The office hours and
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study sessions on the weekend and times that the instructor can talk have all fallen
while I’m working.
This quotation demonstrated that students, like Participant B5, recognized that these
sessions could be valuable to their success, but have to make the decision to go to work
instead.

Balancing Social Life and Study
Students in a new college environment were often making friends for the first
time away from home. This required balancing students’ social lives with their school
lives. Participant A1 said, “It was my first college semester, so I felt like I wasn’t
socializing enough and I was trying to make friends and dealing with school. I didn’t feel
like I had any extra time to commit to chemistry”. Additionally, students were dealing
with school breaks mid-semester, but the schoolwork didn’t necessarily stop. Participant
B1 said,
This time [before the exam] it was about break and having something going on
every single day plus traveling more than 5 hours. There was a lot going on. I
wish I had more normal academic things to say, but social things get in the way
too.
These quotations demonstrated the various ways students balanced their social lives and
their school lives when they were away for their first semester of college. Students were
highly aware that their social lives affected their exam preparation. Students discussed
doing in their best in their first-semester to balance their social lives with studying, but it
was still a challenge they faced.
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Perceptions
The interview data revealed students’ perceptions of how they experienced the exam
process. This included outcomes that participants viewed as within their control (internal locus of
control) and outcomes that the participants viewed as outside of their control (external locus of
control). The main focus of interview data that was coded as a perception dealt with attributes of
exam performance.

Internal Locus of Control
Confidence
To discuss this part of students’ experiences with the exam process, I divided
confidence is into multiple levels (i.e. high confidence and low confidence). I also discuss
confidence in terms of the part of the exam process (i.e. before an exam versus after an
exam). This means that a student could have had high confidence before the exam and
continued to have high confidence after the exam had been taken. Another student may
have been highly confident in their ability before an exam, but the exam itself caused
them to question their ability and they had low confidence after the exam. There are other
possible variations, but these were the two that were most commonly seen in the students
interviewed.
Some students who were confident before the exam continued to have this high
level of confidence after they took the exam. These were the students who typically
performed well on the exam and saw themselves as successful. Participant A2 said,
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I thought that I should do okay. I thought I’d probably get like a B or a low A.
And I was like, okay I guess I’ll do pretty good. Then I started going through the
exam and as I went along I got more and more confident as I saw the problems…
Generally how I feel going in, is how I feel going out (of the exam).
This student went on to receive the grade they expected on this exam. This showed that
some students can accurately judge their abilities. Participant A2 showed high selfefficacy beliefs and metacognitive skills. He accurately judged his performance and
received the grade he expected based on his judgments during the exam.
Other students had weaker metacognitive skills and did not feel confident in
judging their own performance. Participant A1 said,
At first, I felt like I was going to do good on that first exam, then I started reading
the questions and I didn’t feel like I was ready enough. When I actually started the
test and before that I felt like I was going to do good.
This quotation is very similar to Participant A2’s confidence description with one major
difference. Participant A1 was not as successful at judging her ability, which caused her
level of confidence to change after taking the exam.
Interview data also suggested, like the literature, that students could improve
these abilities over time. Participant A3 discussed this change over the course of the
semester.
The first exam, I had no clue what to expect and I wasn’t really sure how well it
would correlate to the teaching or to the homework or to the lectures and so I
made a lot of very, very simple mistakes. So, recognizing that and getting
frustrated with myself over it as I went along I did (made) fewer and fewer
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(mistakes) as I went. Then by the time I did the cumulative makeup and the final,
I had very little worry or doubt going in that I would not know what was going
on.
Expectation of Performance and Views of Success
Students viewed their expectations for their performance and their views of
success as within their control. Their expectations were directly tied to how they viewed
the results of their exam. Therefore, how they viewed their performance in relation to
their actual performance could have an impact on self-efficacy beliefs. The students
interviewed had differing views about how they expected to do on the exam in relation to
the grade they received on the exam. Some students, like Participant A2, knew exactly
what to expect and found that their expectations matched the reality of taking the exam.
Participant A2 said, “I felt like I knew exactly what to expect on the exam and there
weren’t any surprises.” However, other students felt that they worked hard and didn’t get
the grade they worked for. For example, Participant A1 said,
I was expecting a B because I felt like I had prepared and worked hard, but then I
didn’t get a B… if I had gotten a B, I would have … I feel like I would have
gotten what I worked for. I felt like I studied too hard for this failing grade.
Some students’ expectations also shifted over the course of the semester.
Participant A1 was unhappy with the results of her grade. She felt like she had worked
hard and should have received a higher grade that matched the level of work she put in to
her exam preparation. She later went on to say that she planned to spend more time with
the same study strategies to get a better grade on the final. This showed a lack of
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metacognitive skills. She did not have the ability to reflect on this grade and realize that a
different strategy might have helped her be more successful.
Participant B1 discussed her high confidence at the beginning of the semester that
did not reflect the grade she received on the first exam. After that, she had to change her
expectations to match the reality of the situation. Participant B1 said, “I don’t have the
grade I wanted in the end, but I know the concepts and I am confident about doing well
on the final. The exams didn’t go as wonderfully as I’d hoped.” This shows that students
who come in highly confident in their ability without the skills to be successful are often
surprised with their first grades when they enter college. This first grade may have a large
impact on their self-efficacy beliefs for the rest of the semester. For example, Participant
B1 discussed constantly keeping a realistic view of the grade she could expect while
preparing. She was trying to avoid being over-confident because she did not want to get
another low grade.
Participant B2 also experienced a similar shift in expectation over the course of
the semester. Participant B2 said, “Well, it was like obviously I didn’t know as much as I
thought I did, so I need to work harder and be more realistic about how I can expect to
perform on exams.”
Students also had differing views of success that were revealed through their
interviews. Students typically looked to the score they received on an exam to judge their
own success. For example, Participant A2 said,
I know when I walk out that I am expecting this score. So, when I get my results
and if I don’t get that score or higher I feel like I haven’t been successful that I
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didn’t successfully study. I wasn’t ready for the exam. But if I score as I expected,
then I feel good about it.
According to the interview data, there were also some students that viewed
success as simply passing the course with the minimum grade necessary. For example,
Participant B4 said, “I’ve done well. I haven’t gotten A’s, but I’ve gotten like BAs and a
couple Cs…. Cs get degrees, I guess”.
Other students seemed to view themselves as successful as long as the grade they
received was in line with what they felt they deserved based on how much work they put
in. For example, Participant B5 said, “I was successful. That score reflects what I earned.
I got what I expected. I could have prepared more, but I didn’t, so I got what I deserved”.
This quotation represents an internal locus of control because the student felt the grade he
earned was the grade he expected. He recognized that he could have done more, but
because he didn’t, he had realistic expectations of his performance.

External Locus of Control
How Teacher Teaches
The teacher, who the students view as the one in control of the content of
the course, had an obvious impact on students’ perceptions of the exam process.
This emerged from the data with phrases like “our instructor likes”, which
indicates that the instructor is controlling 1) how he/she teaches and 2) how the
content will be assessed on the exam. For example, participants discussed their
views of what their instructors said or focused on and the impact on their exam
process. Students generally seem to all have views on what their instructor
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was doing and appeared to consider that heavily when preparing for an exam. For
example, Participant A3 said,
So, I know a lot of teachers come in on the first day of class and say “I
will never try to trick you with an exam”. Well our instructor didn’t say
that and it’s kind of what our instructor ends up doing. It’s not in a bad
way to trick you and give you a bad grade, but our instructor wants to
make sure you recognize all of the little details that could trip you up.
This quotation demonstrated that the student had a good understanding of what
the instructor was looking for on the exam, however, this ability took time for
students to develop over the course of the semester. Participant B3 said,
Honestly, going into the first exam I had no idea what to expect. I studied
the book heavily and the concepts, but I also practiced some problems. I
did this just to make sure I had an even focus of both the concepts and the
math, but now I see that our instructor likes to ask a lot more math
problem related questions rather than concepts. I mean … there are some
concept questions, but I feel like its much more heavily focused on the
problems.
This quotation represents how this student viewed the types of questions his
instructor asked on exams. Some students viewed the exam as more concept
heavy and others viewed the same exam as more focused on mathematical
concepts.
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In addition, students attempted to understand what the instructor wanted,
and for students like Participant B4, this seemed to impact how they viewed
chemistry. Participant B4 said,
For the first test, you never know what a teacher is going to be looking for
on that first test, so early on in the semester yeah it was a lot about what
the teacher would be looking for. So, it was like oh our chemistry
instructor won’t be focusing on this type of problems. So it helped me
figure out what exactly chemistry is.
This quotation also demonstrates how some students changed their own
perceptions based on what the instructor, this external source, looked for out of
the students.

Difficulty
Participants viewed the difficulty of the material and questions on the exam as
outside of their control. For example, Participant A1 said, “So the way that the instructor
writes down questions is completely different than how the book and the homework
words it. That’s why the exam questions are hard for me to understand”. For this student,
the questions were difficult to understand because of how the instructor worded the
questions. In a similar vein, Participant A2 said,
Some of the conceptual stuff I don’t like as much because everyone words it in a
weird way, so if you take one word and you take it as looking at this, but someone
really meant look at it like this, then words are kind of limited.
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Although this student was not directly placing blame on the instructor, he was still not
taking the sole responsibility for his difficulty with these types of questions.

Using Feedback
One question I had when I began this study was, how do students think about feedback
from an exam during the exam process? Students said that they often did not receive much
feedback beyond a score, and in some cases, which question or questions they specifically got
right or wrong. Participant A3, from the honors section of general chemistry, described the form
of feedback from their instructor. Participant A3 said,
Our instructor gives us … we get an email with all of the answers and we have our tests,
so I can go back through and see exactly which ones I got wrong, so I’ll always go into
office hours the next day and go through all of the ones I got wrong.
The regular section of general chemistry did not receive their exams back. This group of
students received only their score; they did not get to keep a copy of the questions or receive an
answer sheet after the exam. Participant B3 said, “Well, we obviously get the score back and our
instructor is willing to go over the exam”. This student did not seek out this additional feedback,
but knew that it was available to him if he wanted to go over his exam.
A few students from the regular section that did not receive their exam back discussed
going back over their notes trying to uncover which questions they got right or wrong.
Participant B1 said,
I basically go back to the chapter notes and figure out … thinking back to the problems,
but you can’t remember a lot of those problems by the time you are trying to figure out
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the grade that you got, unfortunately, but trying to look back and figure out what
concepts or what problems I probably messed up on because you don't get your test back.
It was difficult for this student to understand his shortcomings on the exam because he did not
have the exam to refer back to. This was common practice for students in the regular section of
the General Chemistry I course. Finally, students discussed seeking out more feedback and how
it differed from their high school experience. Participant B2 said,
It probably would have helped to reach out for more feedback because when I get
feedback in other courses, or at least some feedback, it helps. We just don’t get as much
feedback in my college courses as we did in high school. High school is much more
upfront because you are face to face with your teachers all the time.
This quotation from Participant B2 demonstrates that students did not always know how seek out
additional feedback even when the instructor makes it available to them. They did not understand
how to get additional assistance when they need it.

Self-efficacy
Self-efficacy beliefs were defined in Chapter 2 as an individual’s expectation of his or her
ability to succeed at a given task (Bandura, 1997). How the four sources of self-efficacy beliefs,
mastery experience, vicarious experience, social persuasion, and psychological and affective
states, were seen in the results of this study is described further in this section.
Mastery Experience
As described in Chapter 3, Bandura (1997) describes mastery experience as
previous experiences a student has that contributes to their perception of their ability.
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Analysis of the student interviews revealed that there were multiple sources that
potentially contribute to their mastery experience. These included experiences as a
student in high school, experiences as a student in college, and experiences with
chemistry content.
One type of mastery experience was experience in high school. Participant B2
said,
I was an honors student in high school and it was always really easy and I never
had to study and here at the university, it’s like … well, it’s my first year, I might
have to study a little bit, but it shouldn’t be too big of a deal and then I was
completely wrong.
This student thought that because of her previous experience as a successful high school
student that this should automatically translate to being a successful college student. In
reality, she found that this experience should not necessarily have contributed as strongly
to her college chemistry self-efficacy beliefs. In contrast, Participant A2 had low selfefficacy beliefs coming into this general chemistry course because of a lack of experience
in high school with chemistry. Participant A2 said, “I was nervous going into it because I
didn’t have any chemistry in high school, so at the beginning I was really worried
because I felt like I was just memorizing stuff”. Participant A2 had to use metacognitive
skills to overcome his low self-efficacy beliefs. He realized that he couldn’t be successful
in his chemistry course by simply memorizing information, but instead had to use
different strategies to become successful.
A second group of students discussed their previous experiences with college
courses before their first semester at this Midwestern university. These students were
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first-semester students who had taken a college course in high school or in the summer
before this general chemistry course. Participant A2 said,
So, I had a really hard class that forced me to re-prioritize. I’m sure if I hadn’t had
that course and this was me being in college for the first time, then my experience
would have been totally different. It would have been so much worse because I
would have been trying to figure out how to shift everything during this semester.
Students with this previous college experience, like Participant A2, seemed to know what
to expect out of a college course. They had realistic expectations of how difficult the
course would be and knew how much time to dedicate to their studies in part due to this
previous college experience. Having a previous college course contributed to students’
self-efficacy in a positive way and these students typically had high beliefs in their ability
to be successful. Participant B5 said,
I think you get very good at picking up … and maybe that just comes with going
to school as long as I have and having lots of experience in the classroom. You
can tell when an instructor is trying to emphasize something and when they are
not.
Participant B5, who had a lot of college experience, had high self-efficacy beliefs due to
this experience. He felt confident that he had the ability to determine what content was
important due to his experience in other courses.
There was also a third group of students whose mastery experiences were related
to previous experiences in chemistry courses. Not only did Participant B5 have
experience in college courses, he also had experience with chemistry because he had
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taken general chemistry before. He didn’t fail the course, but was re-taking it for
admittance into another program. Participant B5 said,
I’m very familiar with the material, which helps. After having gone through so
much chemistry, I feel really confident with it. I feel like a lot of the course has
been ‘oh yeah, yeah I remember that, oh okay that’s right’.
Participant B5 showed high self-efficacy with chemistry content, which also helped him
feel that he could be successful in this chemistry course.
Students discussed a variety of experiences that contributed to their high selfefficacy beliefs in this first-year general chemistry course. Some of their self-efficacy
beliefs were found to be too high, meaning that students were over-confident in their
abilities going in and found that their expectations did not match reality. Other students,
specifically those with experience in college or more specifically with college chemistry,
had high-self efficacy beliefs that were validated during their experience in their general
chemistry course.

Vicarious Experience
Bandura (1997) described vicarious experience as peer interactions that contribute
to a student’s perception of their ability. In college chemistry, this means that students are
judging their peers’ ability to perform well on an exam to judge their own perceived
ability. From the data, this appears to have an effect on students’ exam processes. Some
students may not want to work with other students because they don’t want to be seen as
weak by their peers. Participant A1 said,
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I don't like studying with other people because if I am studying with other people
and they are understanding it more than I am or I understand it more than they do,
it’s not really helping me … if they understand it more than I do, then I don’t feel
comfortable. In that situation I’d rather ask the teacher to help me.
It is inevitable that students will compare themselves to others. The question is, will this
have a positive or negative impact on their self-efficacy? For Participant A1, it appeared
that comparing herself with peers negatively impacted her belief in herself if she felt her
peers understood more or were better prepared than she was. However, other students
saw this process of peer comparisons as having a positive impact on their own selfbeliefs. For example, Participant A2 said,
Well if someone does a lot better than you than it gives you … it makes you think
about ‘where did I go wrong?’ there’s also that fallback to ‘I didn’t do so well and
can I double check what happened?’. Generally, if I know that I did really well …
then I can say ‘hey, I did really good, is it just me or did you do well too?’
In this example, Participant A2 compared his score with his engineering peers’ scores. He
saw these peers as his equals, i.e. that they have similar ability to him, which meant that
he used his peers’ scores as a way to judge his own performance and success. Participant
B2 had a similar experience with her peers.
Sometimes we talk in this group about how we did on the exams. For all of us,
our grades kept going up through the course of the semester as we learned how to
study. We were all first-year students, so it helped all of us see everyone else in
our group getting better together, which helped our morale.
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Social Persuasion
The qualitative data demonstrated that mastery and vicarious experiences were the
most common factors that contributed to students’ experiences with the exam process.
However, there were a few instances of social persuasion, which Bandura (1997)
described as how outside parties can influence a student’s perceived ability using words
of affirmation. Conversely, negative words can have a negative impact on students’ selfefficacy beliefs.
Participant A1 discussed an email exchange with the course professor after
receiving a poor grade on an exam. She said,
When I got that score I emailed my instructor and asked, “how bad does the score
affect my overall grade in the class?” and so far I am not failing, I still have a
passing grade for the class and if I do really good on my final I can get an even
better grade, so our instructor said that when I am going to take my finals, don’t
go in saying that “I can’t do it”, go in thinking that I can do it.
These positive words added to the student’s self-efficacy beliefs as she prepared to take
the final. She had obviously not lost hope that she could receive a good grade on the final
that would give her a better grade in the course overall.
In addition to direct words of affirmation, students could be affected by social
persuasion if they saw that the instructor saw them as excellent students. Participant A3
said,
No, but my instructor laughs a lot when I come in because my instructor always
says that there are students that care and students that this is their only science
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with lab that they have to take to get their degree and it is very easy to tell who is
in there to actually learn it and who is in there just to get a C or better in the class.
Through this quotation, we see that the instructor was confirming Participant A3’s high
self-efficacy beliefs. She could see that her instructor recognized her hard work. She did
not directly discuss how this impacted her self-efficacy, but it was evident that she was
confident going into the final that she knew the information she needed to be successful.
She was also considering changing her major to chemistry in part because of her
experience with her instructor.

Psychological and Affective States
According to Bandura (1997), students also judge their ability based on what their
bodies and emotions tell them. Students described trying to stay calm during exams and
that they tried not to be thrown by a single item on an exam. Participant B3 said,
It’s kind of like … personally I try not to freak out when I don’t know what
something means, but sometimes I can’t help but think “geez, if this is what this
problem looks like what is the rest of the exam going to look like?” Most of the
time, if I come across a problem like that [that I’m struggling with], I’ll just skip
that problem and I’ll do the ones that I’m really sure about instead and then I can
think more clearly and focus on the ones I’m not sure about.
Some students mitigated this worry by keeping a set routine on exams. Participant B5
said,
I have a very, very set routine with every single exam that I take. The first thing I
do is … well at first the instructor doesn’t want you to look at it, then when I
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finally can, I flip it over and put my name and form letter at the top and then I
stop and close my eyes and take about three deep breaths and I read the first page.
I believe that psychological and affective states may have the largest affect on taking an
exam, which was in general the hardest topic to gather data about during the interviews.
Overall, it seems that some students tried to have a very set routine when it came to
taking exams.

Chapter Conclusions
The exam process was affected in part by a student’s self-efficacy beliefs and
metacognitive skills. Some categories that affected the process of preparing for an exam for these
students was the materials they used, the strategies they used to translate this content into
knowledge, and how they sought out assistance. There was not enough data about the types of
materials student used to discuss further the connections this had to self-efficacy beliefs or
metacognitive skills. In general, the students interviewed in this study relied primarily on internal
materials during the exam process. Internal materials included those materials generated by the
course. For example, students relied heavily on lecture material and textbooks to decide what
content was important to focus on. Additionally, students used these materials to generate their
own study materials, like outlines or note cards.
The strategies used and how students sought out assistance was more closely related to
student’s self-efficacy beliefs and metacognitive skills. Students who were more able to adapt
their strategies and had realistic views on how they expected to do on an exam reported higher
grades. Table 4.1 gives a summary of how participants reported that they performed on the exam.
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Table 4.1: Participants self-reported grades on exam
Level of Performance on
Exam
High Performance
(A)
Middle Performance
(B or C)

Low Performance
(D or E)

Participant

Grade Reported

A2
A3
B5
B1
B2
B3
B4
A1

A
A
A
C
B
C
C
E

The grades earned on the exam (i.e. low, middle, or high) did not appear to have any
direct connection to gender or major. For example, one female chemistry first-year major (A3)
received an A on the exam during the interviews, another female first-year chemistry major (B2)
received a C on the exam and the third female first-year chemistry major received a failing grade
on the exam (A1).
The lowest performing student had a different view of what learning meant than the
higher performing students. Participant A1 said, “I’m not a person that likes memorizing stuff. I
like doing stuff based on logic and I feel like chemistry is getting to be about memorizing a lot”.
She saw learning in chemistry as having to memorize large amounts of information. In contrast,
participant A3 viewed learning as seeing how all of the concepts tied together. Participant A3
said, “I think it’s important, especially for retention, to make sure that you understand the view
and the overall concepts and how they all inter-link because they do”.
There were some differences in seeking out feedback after an exam between the students
interviewed based on the grade they received on the exam. The lowest performing student sought
out feedback to try to figure out which questions she did not understand on the exam. She
discussed this process as a way to be ready for the final. The lowest performing student
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attributed her lower performance to mainly external factors such as the questions were difficult
to understand.
Only a few high performing students sought out additional feedback, which they saw as a
way to improve on future exams, and not only on the final. These students seemed to be seeking
out feedback in a way that reflected high metacognitive skills to improve future performance
through self-regulation. These students mentioned connecting content to other topics and
adapting study strategies over the course of the semester. High performing students, like
Participant A3, also discussed meeting with peers to teach each other the content. Participant A3
said,
I feel like I’m a teacher to a point. I’m usually with a couple to four friends who all do
fairly well in the class, so it is really a give and take with that because anything I don’t
understand I know that one of the boys in our little study group is really, really good with
the theoretical parts of things and I’m better with the math, so we work really well
together when we are trying to figure out what the other one doesn’t know. So I can bring
my own strengths to the group and use other members strengths when I have a weakness.
The students in the highest performing group were also most likely to discuss the use of problem
solving to get through a problem they didn’t understand on the exam. This was in contrast to low
performing and middle performing students who said they would take their best guess.
Participant A2 said,
There was one question that was talking about … I figured it out. We hadn’t done an
example like that in class, but it took one of our equations that we did know and mixed it
up. So, I looked at it and was like wait … it has this, this and this, which I learned from
physics, that if it has those different things think of which formula has those same
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variables and use that formula. I think it was something about you are given so much of
something in moles and I was like “hey this looks like this other formula that we know”,
so I figured it out.
None of the students that self-reported as middle performing students (receiving a B or C)
sought out instructor feedback after an exam. These students typically also had the lowest selfefficacy beliefs. They started the semester with very high confidence, in part due to a mastery
experience or vicarious experience. Then, when the middle performing students received a lower
grade than expected on the first exam, they re-evaluated their performance ability and expected
to do worse on subsequent exams. These students saw any grade above a failing grade as being
successful. They knew they could have worked harder for a better grade, but were overall
satisfied. The students in this middle group seemed to not know how to access instructor’s office
hours or other relevant help for the course and did not seek out this information.
Overall, the data showed that students could be divided into groups based on exam
performance (i.e. low, medium, high). Students from these performance level groups approached
the exam process in similar ways.
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CHAPTER V
CONCLUSIONS AND IMPLICATIONS

Chapter Summary
This final chapter reviews the experiences each student had with the exam process, as
well as general assertions from the data in this study. This will show the results in the context of
each student and attempt to characterize types of students and how they experienced the exam
process. Then a review of the research questions and answers to these questions are presented.
Finally, implications for educators based on this study’s findings are presented and a conclusion
to provide an overview of potential future work is given.

General Assertions
Some general differences could be seen between the students interviewed that were
correlated to their performance. The only themes that did not correlate to level of performance
were the types of materials used and the environment in which a student studied. Other themes,
like strategies used, how students dealt with challenges of life balance, assistance, and seeking
out feedback, did correlate to performance. Students in the highest performing group
demonstrated characteristics that suggested high self-efficacy beliefs and high metacognitive
skills. These high performing students’ beliefs in their abilities most closely matched with reality
when they received their exam grades. High performing students were also most likely to adapt
their study strategies based on learning more about what types of questions or what type of
content the instructor focused on. These students occasionally sought out additional feedback
from their instructor. The lowest performing student that was interviewed in this study also

70
sought out additional feedback. The middle performing students were least likely to seek out
feedback. A summary of characteristics observed for each group of student performance is given
below.

Lowest Performing Student
According to the self-reported data of participants in this study, the student with the
lowest grade was characterized by the following approaches to the exam process:
•

Focused on memorizing content

•

Did not adapt study strategies throughout the semester, which implied low
metacognitive skills (i.e. I only need to spend more time doing the same things I did
on the last exam)

•

Generally had high self-efficacy beliefs going into an exam, possibly in part because
she had met with instructors or tutors before the exam

•

Felt the work she put in did not match her earned grade

•

Discussed struggling to balance other classes and her social life during her first
semester of college

•

Had minimal contact with her peers about any aspect of the course

•

Thought exam questions were difficult due to their wording

Middle Performing Students
According to the self-reported data of participants in this study, students with average
grades were characterized by the following approaches to the exam process:
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•

Focused on a mix of memorization, but had started moving towards conceptual
understanding

•

Careful to not feel over-confident going into later exams, possibly due to being overconfident on the first exam

•

Often relied on technology during their studying to look up key information that they
couldn’t memorize

•

Felt satisfied with their grade even if it was lower than their ideal grade. (i.e. “Cs get
degrees”)

•

Interacted with peers of similar skill level about the course material, but there was no
clear indication of group roles

•

Relied heavily on vicarious experiences to feel successful in the course

•

Used the best guess method to answer questions they did not know the answer to on
an exam

•

Least likely to seek outside help of instructor or tutor

Highest Performing Students
According to the self-reported data of participants in this study, students with the highest
grades were characterized by the following approaches to the exam process:
•

Focused on conceptual understanding, how chemistry concepts connected to other
courses, and how each topic connected to others presented in the course

•

Adapted study strategies based on the types of questions asked on an exam

•

Generally had high confidence before and after an exam

•

Felt they were successful based on their grade
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•

Discussed mastering the balance between their chemistry class and other aspects of
their lives (i.e. social, work, other classes), in part due to previous mastery
experiences (i.e. rigorous high school or college course before General Chemistry I)

•

Met with peers to “teach” each other material and used each person’s skills to benefit
the larger group

•

Used problem solving to come to an educated answer on questions to which they did
not know the answer

Addressing the Research Questions
(1) How do students think about and approach preparing for an exam?
Not surprisingly, when you sit down and interview a student about the exam process,
their primary focus was on preparing for the exam. The students placed their attention on what
materials to use out of the large amount of information that has been presented and how to learn
the material. Lower performing students seemed to think of learning as memorizing. Higher
performing students saw learning as making meaningful connections between the topics
presented. Therefore, students who received high grades on exams tended to use higher
metacognitive skills and have high self-efficacy during their exam preparation. Also, these
higher performing students typically met with peer groups and sought to teach each other the
material. Overall, students with similar exam performance used similar techniques to prepare for
exams. There were no distinct differences seen in exam preparation between students based on
major, gender, or race. Performance was most strongly related to exam preparation.
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(2) How do students think about and approach taking an exam?
Students who performed well on exams were most likely to have a routine way of taking
the exam. These students were confident in their preparation before the exam and were able to
use problem-solving skills to eliminate possible multiple-choice selections when they were not
confident of an answer. Lower performing students did not show these high level metacognitive
skills during their interviews before or after the exam. They were more likely to minimize their
confidence going into an exam because they may have been over-confident on the first exam.
Students did not specifically discuss affective states during the exam that could have affected
taking the exam. Overall, ascertaining how students approach taking an exam was the most
difficult research question to answer because students had the least to say about it in the postexam interviews.

(3) How do students think about and approach to responding to feedback from an exam?
Students received different feedback depending on who was teaching the course. The
honors students received an answer key and were allowed to keep the questions that were on the
exam. Therefore, these students were more able to get feedback without seeking out additional
information from the instructor. Students in the regular course did not receive an answer key and
were not allowed to keep the questions that were on the exam. The students in this course,
especially the middle performing students, were the most likely to use their memory as their
source of feedback. For example, a student reported sitting down with his textbook and trying to
remember what was on the exam. Students who received middle or average grades on the exam
were also least likely to seek out additional feedback on an exam. These students described
trying to simply remember what was on the exam and looking through their notes to find what
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the right answer was. They often cited not knowing where their instructor’s office was or when
office hours were as reasons to not seek out additional feedback. The lowest performing student
and the highest performing students were equally likely to seek out feedback, but for different
reasons. Low performing students were typically looking forward to the final, yet did not adapt
their study strategies during the semester. They instead cited simply needing “more time” to
study the same way before the next exam. Higher performing students sought out feedback to
learn how to better prepare for the next exam and were not looking only towards the final. They
were more able to adjust and understand what types of questions an instructor would ask and use
that knowledge to their advantage when preparing for future exams.

Implications
This study is potentially valuable for current college chemistry instructors. These
instructors have a unique opportunity when working with first-year college students who are
potential science majors. By further understanding these students and their views of the exam
process (i.e. preparing for an exam, taking an exam, and responding to feedback from an exam),
we may be better able to assist low and middle performing students in our general chemistry
courses. The data from this study shows that students are listening to our lectures to guide their
exam preparation. This means we should think carefully about what information we are
presenting to students and showing students clearly what information is relevant. One way to
show relevant information is to make it clear how the topic being presented connects in a
storyline to other topics before it and after it. Also, students are using the textbook provided for
the course to also make decisions about preparing for an exam. A clear tutorial of how to use the
textbook for a given course may be invaluable for helping students succeed during their first
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semester of college. It is also important to make ourselves available to all students. This may
mean using the syllabus review at the beginning of the semester with clear goals in mind. If
students do not know where our office is, how can we help them? We could possibly send
students on an office scavenger hunt for a few extra points or clearly make ourselves available
for appointments outside of regular office hours.

Recommendations for Future Work
There are several ways this work could be continued in the future. This exploratory study
was designed to characterize the current state of how students view the exam process. This study
looked specifically at a General Chemistry I course. This study could be repeated in a
longitudinal fashion in a similar chemistry course to look more authentically at how students
change their exam process in real-time over the course of a semester. This would potentially
mitigate one weakness of this study, which is that a student was asked to talk about their exam
process after they had experienced the phenomena. Additionally, data could be collected using
open-ended surveys to capture a larger range of experiences by sampling more students. This
sample could potentially be more representative of the class as a whole. Future research could
also focus on looking at the exam process in other introductory or higher-level science courses.
Is the exam process the same in an introductory biology course as it is in a general chemistry
course? Do students who are chemistry majors and are enrolled in an organic chemistry course
view the exam process differently than these general chemistry students? In summary, this
exploratory study attempted to characterize the current state of the exam process in a course that
relies heavily on summative exams. The exam process has typically not been viewed through a
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qualitative research lens. However, value can be added to current existing quantitative literature
with qualitative data.
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